Abstract: The present study was undertaken to study the effect of calcinate temperature on characteristics of hydroxyapatite synthesized from the fish scale (FHAp). The FHAp calcined at different temperatures starting from 100 up to 300 o C. The structures of FHAP were characterized by Fourier transform infrared spectroscopy, scanning electron microscopy, and X-ray diffraction. The analytical results show that the FHAp quality increased as the calcin temperature increased. The FHAp displayed excellent characteristics in term of particle size, morphology and properties and crystalinity after calcined at 300 o C, FHAp 300. From this study, it founded that 300 o C is the lowest calcin temperature could be applied to synthesize high quality of HAp from fish scale biowaste.
Introduction
Hydroxyapatite powder (HAp) can be synthetically prepared and derived from natural sources. Generally, HAp synthesized from chemical sources complicated or biologically unsafe processes [1] . Therefore, people turn to the other option which is natural source like fish bones [2] , bovine bones [3] and teeth and bones of pig [4] . Chemical analysis has shown that these products considered as biowaste are rich sources of calcium in the form of carbonate and oxide [1, 4] . Extraction of HAp from these waste not only considered as economically but it also environmentally friendly. 50% of the total weight generated by the fish processing industry is waste, and about 4% of the waste is fish scale [5] . There are several types of calcium phosphate salts formed in fish scales as biological response to their extreme physiological environment and surprisingly these salts can be used as starting material in producing HAp [6] . The preparation of HAp from fish scale was first reported by Sankar et al., 2008. According to Huang, 2007 and Sadat-Shojai et al., 2013, HAp can be prepared at low temperature (90° to 100 °C) as well as after heat-treatment at higher temperatures, 500 °C and above [7, 8] . Unfortunately, most methods are involving very elaborate and required long processing hours as well as presence of various organic chelating agents which in turn required high installment of capital [9] . In 2004, Santos was able to synthesize the HAp just at room temperature but the obtained HAp reported was not pure [7, 9] . Calcin temperature help to improves the properties of HAp, promotes a better packing of the ceramic grains and promote a more fluidity capabilities [7, 10] . The temperature must be high enough as to overcome the activation energy and to improve CaO or Ca(OH) 2 dissolution which considered as impurities [10, 11] . These impurities will affect the HAp crystal structure, crystallinity and solubility, thus limiting the application of HAp, especially in biomedical applications [11, 12] .
Considering these wastes as potential source, the present research aims to extract HAp from unexplored biowastes of FS which are abundant in Malaysia. Therefore, this paper, the calcin temperatures have been varied at 100, 150, 200, 250 and 300 o C as to study the effects of calcin temperatures on the structural features and morphology of HAp. The temperatures selected are low since there is an ever growing need to develop not only high quality and large quantity of HAp but also to develop environmentally friendly method for HAp synthesis.
Materials and method
Fish scale waste was abundantly available and freshly collected from a local market in Kuala Terengganu Fish scale was soaked and washed thoroughly in distilled water to remove salts, blood and dirty substances. The fish scale was then left to air dry in the laboratory for overnight. Initially, it was de-proteinized through external washing with 0.1 M HCl and rinsed several times with distilled water. The remaining proteins of fish scale were treated with 5% (w/v) NaOH, heated and stirred moderately for 5 h at 70 o C. The obtained fine white precipitate was filtered, washed with distilled water and dried at 60 o C. For the next step of alkaline heat treatment, 50% (w/v) NaOH was added into the treated scale powder. Treated fish scale were calcined at 100 o C and stirred for 1 h. The obtained fish scale hydroxyapatite (FHAp) was washed thoroughly with deionized water until the washing solution became neutral and then dried at 60 o C. All samples were characterized from several perspectives. Scanning electron microscopy (SEM) study was performed on a HITACHI S2600N-type microscope and the functional groups present in the prepared nanoparticles and thin films were identified by FTIR using a Spectrum BX spectrometer.. X-ray diffraction measurements of HAp samples were recorded using a Bruker D8 Advance diffractometer, with nickel radiation, and a high efficiency one-dimensional detector (Lynx Eye type) operated in integration mode.
Result and discussion
All the SEM micrographs of FHAp depicts in the Figure 1 . The morphologies of synthetic FHAp crystal vary in term of the sizes and shapes depending on the calcin temperatures which in agreement with Wu et al., 2013. The crystal size of the FHAp increased as the calcin temperature applied increased since high temperature caused the FHAp molecule move faster which leading to increase the probability of the FHAp molecule to colloid with each other [13, 14] . The FHAp surface also getting rougher as the calcin temperature increased which making these FHAp having tiny volume and their surface-to-volume ratios are much larger [15] . However, these high surface areas are accompanied by Van der Waals interaction that can create strong tendency to cause the particle agglomerated which can be observed on FHAp calcined at 300 o C [15] . , O-P). Presence of carbonate ion could be confirmed through peaks around 864 and 1434 cm −1 [14, 16] . The peaks corresponding to absorbed hydrate at 2300, 2712, 2740, 3435 meanwhile peaks at 3600 cm −1 correspond to the stretching vibration of lattice OH − ions. These bands corroborate well with literature reported by R. Chakraborty, 2013 . The presence of base skeletal moieties of phosphate and hydroxyl groups along with calcium confirmed the complete synthesis of HAp [17] . From the Fig 2f and Table 2 , HAp calcined at 300 o C displayed a good spectrum with sharp peak. All the bands corresponding for the functional group for HAp observed in this sample Up to 250 o C, the quantity of X-ray amorphous phase(s) decreases as calcin temperature increased since the apatite peaks became sharper because of crystal growth [18, 19] . There were CaO and Ca(OH) 2 compounds detected around detected at 2θ=53.1° in all samples indicated incomplete transformation of the calcite. CaO reacts with water molecules forming alkaline calcium
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hydroxide, Ca(OH) 2 which is also acknowledge as impurity [20] . These impurities peaks decrease and FHAp peaks improved as calcin temperature increased. It proved that calcin temperature must be high until to one point where it can transform calcite into HAp [21] . With no exception, all the other samples showed no peaks that were corresponding to the β-tricalcium phosphate, β-TCP [10] which indicates pureness of the synthesized powder [22] . This happened as the temperature not high enough to overcome the activation energy or else the annealing time is too short [23] . However, sharp increases in the crystallinity were observed when the synthetic temperatures were over 250 o C, which indicate that crystalline activation energy of the HAp was successfully overcome.
Conclusion
Among all the FHAp synthesized, FAp 300 resemble the best morphologies and characteristics of HAp. This was confirmed and evidenced via the results; XRD and FT-IR spectra. It indicates that the activation energy to convert the calcite into HAp phase occurred as the lowest at 300 o C. FHAp 300 also showed the best properties as compared to other. These findings supported by the result obtained from the SEM images. Minimization energy consumption can be done by using since at 300 o C all the active crystalline phase were showed to be prominent.
